Objective: To examine the relationship between health care access and diabetes management among a geographically diverse sample of American Indians (AIs) aged 50 and older with type 2 diabetes. Method: We examined the relationship between access to care and diabetes management, as measured by HbA 1c , using 1998-1999 data from the Strong Heart Family Study. A series of bivariate and multivariate linear models examined the relationships between nine access-related variables and HbA 1c levels. Results: In bivariate analyses, out-of-pocket costs were associated with higher HbA 1c levels. No other access-related characteristics were significantly associated with diabetes management in bivariate or in multivariate models. Discussion: Access-related barriers were not
Introduction
In the United States, diabetes disproportionally affects American Indian (AI) communities. Diabetes-related complications remain a leading cause of morbidity and mortality among AIs, who are three times more likely to die from diabetes-related complications than Americans on average (Indian Health Service, 2008) . Clinical diabetes outcomes can be enhanced through effective management of type 2 diabetes, which often requires a range of self-care, routine care, and specialty care services. Barriers to accessing these health services could result in poorer diabetes management and associated outcomes.
Differences in diabetes management could be partially attributable to barriers in accessing care. A statewide study of public health care enrollees found that AIs confronted greater barriers accessing health care than non-Hispanics, particularly concerning transportation, family obligations, cultural misunderstandings, and perceived discrimination at the source of care (Call et al., 2006) . Individuals living in remote regions confront additional challenges accessing care, such as greater distance to service, difficulty accessing specialty care, and fewer transportation options (Arcury et al., 2005; Nemet & Bailey, 2000) . Barriers accessing care could be heightened among rural (Baldwin et al., 2002) and older AIs, who could confront unique challenges in seeking or utilizing care.
The current body of research concerning barriers to diabetes management offers several challenges. Most research studies of barriers to diabetes management were conducted using data from population-based studies of older adult populations. Few studies examine access to care specifically among AIs (e.g. Baldwin et al., 2002; Call et al., 2006; Indian Health Service, 2008) , who face unique barriers to accessing care. The identification of barriers and facilitators to diabetes management among AIs can inform clinical, community, and policy strategies to reduce the burden of diabetes in AI communities (Wilson et al., 2005; Indian Health Service, 2008) . Further research is therefore needed to identify barriers and facilitators to diabetes management among AI populations.
The present study examined the relationship between health care access and diabetes management among older AIs representing three distinct geographic regions. We pursued this line of inquiry within a framework developed by Penchansky and Thomas (1981) , which considers availability, accessibility, accommodation, affordability, and acceptability of care as the key components of access.
Method

Participants
We analyzed data from the Strong Heart Family Study (SHFS), part of the parent Strong Heart Study (SHS). The SHS is a large prospective epidemiological study of AI health. The SHS examines cardiovascular disease and its risk factors among extended families in 13 AI communities in Arizona, Oklahoma, and North and South Dakota (National Institutes of Health, 2001) . The 1998-1999 SHFS, which was conducted during Phase III of the SHS, includes data about barriers to accessing care not previously available in the SHS (National Institutes of Health, 2001) . In addition to the original SHS cohort, the SHFS recruited approximately 30 large families comprising 900 individuals across all participating SHS regions (Connor, Kralewski, & Hillson, 1994) .
The analytic sample was restricted to AI older adults (aged 50 and older). Of the 1,322 eligible participants in the SHFS, 795 participants were excluded because they did not have type 2 diabetes and an additional 395 participants were excluded because they were under the age of 50. The resulting analytic sample includes 292 SHFS participants aged 50 and older in three geographic regions (Arizona: n = 124, Oklahoma: n = 105, North/South Dakota: n = 63). Diabetic status was defined and measured according to American Diabetes Association criteria (Genuth et al., 2003) .
Variables and Measurement
Dependent variable. Diabetes management was measured by Hemoglobin A 1c (HbA 1c ), an indicator of short-and long-term diabetes management. (Sidorov et al., 2000; Williams et al., 2004) . HbA 1c was measured by high-pressure liquid chromatography (National Institutes of Health, 2001) . Glucose measures and tolerance tests were rigorously collected. Procedures for data collection were described elsewhere (Connor et al., 1994) .
Independent variables. Access to care was measured according to perceived barriers to receiving care (Nelson, 2002) . Nine measures were selected that were associated with diabetes management and outcomes among AIs in prior studies (Call et al., 2006; Jervis, Jackson, & Manson, 2002) . These measures addressed accessibility (travel time, transportation provider, and transportation costs), availability (hospital/clinic schedules appointments in advance, appointment scheduling lag), accommodation (hospital/clinic takes walk-ins, wait time for appointments and walk-ins), and affordability (out-of-pocket payments). Self-reported data were collected on these measures during structured clinical interviews.
In descriptive analyses, access measures were examined as nominal dichotomous variables (transportation cost, appointments accepted at usual source of care, walk-ins accepted at usual source of care, out-of-pocket visit costs), nominal categorical variables (transportation provider), and ordinal categorical variables (travel time to usual source of care, typical advanced appointment booking, typical wait time for appointments, and typical wait time for walk-ins). In bivariate and multivariate analyses, access-related variables were examined as nominal dichotomous variables (self-transport to appointments, transportation cost, appointments accepted at usual source of care, hospital/clinic takes walk-ins, out-of-pocket visit costs) and continuous variables.
Covariates. Descriptive analyses were conducted by geographic region, as shown in Table 1 . Multivariate analyses adjusted for geographic region, socioeconomic measures, age, sex, and duration of diabetes. Differences in geographic region were examined between Arizona, Oklahoma, and North/ South Dakota. Models controlled for geographic region because the prevalence, severity, and management of diabetes among AIs varies by geographic region and area (Baldwin et al., 2002; Centers for Disease Control and Prevention, 2011; Indian Health Service, 2008; Mueller, Ortega, Parker, Patil, & Askenazi, 1999) . Community and regional environments present unique barriers and facilitators to diabetes management and outcomes, and could therefore modify the relationship between access to care and diabetes management.
This relationship can also be attenuated by the availability of socioeconomic resources for an individual, household, or community (Centers for Disease Control and Prevention, 2011; Taylor & Kalt, 2005) . Accordingly, we controlled for household income and education, which were measured as categorical ordinal variables. We also controlled for sex and age, which can affect the need for care, barriers to seeking care, and the relationship between access to care and diabetes management. Duration of diabetes is typically associated with greater severity, which we anticipated be negatively associated with diabetes management; self-reported duration of diabetes (in years) was also included as a covariate in multivariate models.
Data Analysis
Descriptive statistics (means and percentages) examined geographic differences in covariates and main effects by region (Arizona, Oklahoma, and North/South Dakota). To examine the relationships between access measures and diabetes management, we constructed a series of nine bivariate statistical models in which each of the nine items (across the four domains of access) was regressed on HbA 1c .
Next, we conducted a series of nine multivariate statistical models in which each of the examined access items were regressed on HbA 1c , controlling for site, age, sex, employment (full-time), education, total annual household income, and diabetes duration in years. Ordinal measures (travel time to usual source of care, typical advanced appointment booking, typical wait time for appointments, and typical wait time for walk-ins) were coded numerically according to their ordinal levels in regression models to provide a test of trend between categories and HBA 1c levels. The adequacy of possible trends was verified by subsequent tests for a larger categorical model and its corresponding test of heterogeneity.
To maintain sufficient statistical power, these results were not disaggregated by geographic region, although we did include geographic region as a control variable in multivariate models.
Heteroscedasticity-consistent standard errors were used to calculate robust confidence intervals and relax assumptions about the shape of the trend and corresponding residuals (Zeileis, 2004) . R Version 3.0.1 was used for data management and analyses (The R Project for Statistical Computing, n.d.). The value p < .05 was considered statistically significant.
Results
Descriptive Statistics: Outcome and Covariates
As shown in Table 1 , mean HbA 1c levels were fairly consistent across geographic regions (8.3 in Arizona and 8.4 in Oklahoma and in North/South Dakota). However, the distribution of HbA 1c levels was not consistent across regions; diabetes control (as measured by HbA 1c ) was reached by 29% of participants in Arizona, 27% of participants in Oklahoma, and only 13% of participants in North/South Dakota. Overall, participants reported having diabetes for an average of 14.8 years (19.2 years in Arizona, 12.7 years in Oklahoma, and 9.7 years in North/South Dakota). These differences were not attributable to age, as the mean age of participants (62.7 years) was fairly consistent across regions.
Descriptive Statistics: Barriers to Health Care Access (Main Effects)
Most participants identified tribal or Indian Health Service (IHS) facilities as their "usual source of care" (91.1%). Other identified sources of care included private practitioners and facilities (4.4%), US Department of Veterans Affairs (VA) clinics or related facilities (2.1%), traditional healers (0.7%), and HMOs (0.7%).
Accessibility. As shown in Table 2 , nearly half (49.5%) of participants traveled less than 15 minutes to their usual source of care, and only a small percentage (4.1%) traveled one hour or more. Travel time was shortest in the Arizona region. The majority of participants (59.2%) provided their own transportation to receive care. This trend was strongest in the North/South Dakota and Oklahoma regions (65.1% and 63.5%, respectively), but was slightly less prevalent in Arizona (53.3%). Apart from self-transport, transportation to care was provided most often by family members (27.7%), folllowed by community health representatives (9.3%), friends (2.1%), or paid drivers (1.7%). Relatively few participants (5.1%) reported that they had costs associated with transportation to their usual source of care.
Availability. Most participants (98.3%) reported they were able to schedule appointments in advance at their usual source of care (95.2% in North/South Dakota and 99.2% in Arizona). The advanced scheduling time for appointments, however, varied substantially across regions. In North/South Dakota, most participants (90.2%) were able to schedule appointments within 2 weeks. This was reported by fewer participants in the Arizona (72.9%) and Oklahoma (33.2%) regions.
Accessibility. Walk-in appointments were generally available, but wait times were relatively long. Ninety-three percent of participants in the Oklahoma region reported that walk-in appointments typically were available at their usual source of care, compared with 81% of participants in the North/South Dakota region. As shown in Table 2 , the average wait times generally were shorter for scheduled appointments compared with walk-ins; however, this trend also varied across participants and geographic regions.
Affordability. Few participants (11.9%) paid out-of-pocket visit costs, although this also varied according to geographic region. In the Arizona region, 18.4% participants reported paying out-of-pocket for visits at their usual source of care, compared with 9.6% in the North/South Dakota region and fewer than 2% of participants in the Arizona region.
Bivariate Analyses
As shown in Table 3 , AIs reporting any out-of-pocket visit costs had 14% lower HBA 1c levels compared with those reporting no out-of-pocket costs (95% confidence interval [CI] = [0.12, 1.61]). None of the other eight accessrelated measures was significantly associated with HbA 1c values.
Multivariate Analyses
As shown in Table 4 , none of the access-related measures were significantly associated with diabetes management in adjusted models. Household income, education, and employment status were also not associated with HbA 1c in multivariate models. Age and duration of diabetes were significantly associated with lower HbA 1c levels-an additional year of diabetes duration was associated with a 0.06 difference in HBA 1c levels (95% CI = [0.04, 0.08]).
Discussion
This is the first study to examine the relationship between diabetes management and access to care in a geographically diverse sample of older AIs. We examined associations between health care access (Penchansky & Thomas, 1981) and diabetes management in 13 AI communities in Arizona, Oklahoma, and North and South Dakota. Our findings concerned (a) access to diabetes care among participants, and (b) the relationship between access to care and diabetes management in bivariate and multivariate analyses.
Access to Care
These findings suggest that older AIs with type 2 diabetes continue to confront barriers accessing care (Call et al., 2006; Jervis et al., 2002) . Our participants experienced the following challenges to accessing care:
• • Less than half of participants lived within a 15-minute commute of their usual source of care; • • Most participants provided their own transportation to their usual source of care. Among those receiving transportation from others, family members were the most common source of transportation to care. • • Although most participants were able to make appointments at their usual source of care, these appointments often required scheduling several weeks in advance; and • • Wait times tended to be long for scheduled and walk-in appointments.
Bivariate and Multivariate Relationships
Few measured access-related barriers were associated with diabetes management in bivariate models. The expected negative associations between diabetes management barriers to health care access (accessibility, availability, and accommodation) were not statistically significant. In bivariate analyses, the measure of affordability (out-of-pocket costs) was actually associated with better diabetes management. This relationship may reflect self-selection bias, as cost remains a key barrier to health care in the United States (Lasser, Himmelstein, & Woolhandler, 2006) . Higher out-of-pocket costs were significantly positively associated with higher income categories, but were not associated with education or employment status. AIs with greater financial resources may be more likely to seek care without being deterred by copays. Participants who paid out-of-pocket costs for their regular source of care likely utilized health services outside of reservation communities; thus, they may also have had better access to other health-promoting goods and services.
Despite noted barriers to accessing care, none of the examined measures of accessibility, availability, accommodation, or affordability were significantly associated with diabetes management in multivariate models. These findings were consistent with the Harris (2000) study, which examined the relationship between health care access, utilization of diabetes-related medical care, and health outcomes among a diverse, U.S. population-based sample of adults with type 2 diabetes. Participants had poorer health status and outcomes than expected, considering favorable rates of health care access and utilization, screening for complications, and treatment of diabetes-related complications (Harris, 2000) . This unexpected finding in both studies calls for future research examining how health care, self-care, and the community environment affect diabetes-related outcomes. As native elders are disproportionately affected by diabetes, the barriers and facilitators to management require further attention to inform clinical practice and health care policy.
There are several limitations that could affect internal and external validity of study findings. The associations were examined using cross-sectional data; therefore, causal inferences cannot be made regarding relationships between access to care and diabetes management. The study population includes older AIs who participated in the SHFS, primarily AIs residing in rural areas. Therefore, the findings may not be generalizable to AIs living in urban areas.
Analyses were subject to limitations of the secondary data, including sample size. Access measures (e.g., wait times, costs) may be influenced by recall bias. Inadequate reporting of access measures could relate to other underlying measures, such as health beliefs and optimism, which might, in turn, relate to diabetes management. Some of the pre-established categories in access measures (e.g., travel time, wait time) were not mutually exclusive. With regard to diabetes management, the field is moving beyond HbA 1c as an exclusive indicator of diabetes management (Nicklett & Liang, 2010) . Reliance upon this single measure may have constrained our ability to observe the expected associations between access to care and participant status.
We were also unable to consider perceived acceptability of care, an important aspect of health care access (Penchansky & Thomas, 1981) , particularly for older AI adults (Call et al., 2006; Jervis et al., 2002) who could face heightened barriers during clinical encounters due to cultural misunderstandings or language barriers. Research should further examine the effects of these and other social and environmental determinants of diabetes management and outcomes in AI communities.
Conclusion and Clinical Implications
The diabetes diagnosis process can be challenging, particularly among patients with constrained personal or community financial resources (Nicklett & Damiano, 2014) . In addition to new or changed interactions with the health care system, patients are introduced to new regimens that can be demanding and complex. Clinicians working with AI populations should continue to partner with patients, providers, and/or communities to identify potential barriers and facilitators to diabetes management. Through shared decisionmaking approaches, clinicians and patients deliberate and reach a consensus on therapeutic goals (World Health Organization, 2005) , which enhances adherence and subsequent outcomes (Shah et al., 2010) .
Clinicians should continue to support patients in identifying-as well as addressing-barriers to diabetes management. Many AI patients face structural or environmental barriers that constrain opportunities to achieve therapeutic goals (Ershow, 2009; Giles-Corti & Donovon, 2002; Mitchell, 2012) such as lack of access to affordable diabetes-friendly foods (Hendrickson, Smith, & Eikenberry, 2006; M. O'Connell, Buchwald, & Duncan, 2011; Thompson et al., 2002) and limited opportunities for safe physical activity (Belza et al., 2004; Thompson et al., 2002) . When individual and communitylevel resources are constrained, clinicians need to support patients and community members in overcoming such contextual and environmental barriers to diabetes management.
Diabetes outcomes have improved in AI communities incrementally since Congress enacted the Special Diabetes Program for Indians (SDPI) in 1997 (Wilson et al., 2005) ; however, AIs continue to be at heightened risk for diabetes and its complications (Indian Health Service, 2008) . The findings of the present study suggested that improved access to care may be a necessarybut not sufficient-strategy for diabetes management among AIs.
